Introduction
Obesity has become a nationwide epidemic in the United
States. The prevalence of obesity among adults (> 20 years) has consistently increased from 2001 to 2014 [1] . Obesity is linked to increased risk for non-communicable diseases including cancer, difficulty with physical movement, heart disease, mental illness, osteoarthritis, sleep apnea, stroke, and Type 2 diabetes [2] [3] [4] [5] . Obesity and overweight together are the second leading cause of preventable death (approximately 300,000 deaths per year) in the United States, right after cigarette smoking [6, 7] .
Previous studies have reported that obesity rates vary greatly between socio-demographic groups in the United States.
Specifically, a larger ratio of individuals are overweight or obese among lower income groups, lower-educated groups, Non-White or Hispanics than among other socio-demographic groups [8] [9] [10] . Women have lower obesity rates than men for self-reported height and weight [8, [11] [12] [13] . However, other studies have shown that even though the mean body mass index (BMI) is lower for women than men, women are gaining weight quicker than men [14] . There may no longer be a difference between men and women based on measured height and weight [9] . According to the National Health and Nutrition Examination Survey 2015-2016, the prevalence of obesity was 35.7% among young adults aged 20-39 years, 42.8% among adults aged 40-59 years, and 41.0% among adults older than 60 years of age showing that middle age and older groups had higher obesity rates than young adult groups in the United States [15] . It has been reported that there are geographical disparities in obesity in the United States [16] [17] [18] [19] [20] . According to national statistics, the Southern states have higher prevalence of obesity compared to other states [21, 22] . The social cognitive model of reciprocal determinism proposes that environmental factors influence individuals, groups, and their behaviors [23] . In other words, regional differences in health behavior caused by various environmental factors could lead to different health outcomes according to geographical areas. Specifically, social epidemiological research has reported that the geographical context in which people live is related to health disparities [24] [25] [26] [27] [28] . In terms of obesity, regional difference in lifestyle factors, environmental factors, health care resources, and socioeconomic status have been found to affect disparities in risk factors for obesity in the United States [29] [30] [31] [32] [33] [34] .
Previous studies have focused on county levels to determine adulthood obesity, but little is known about geographical disparities in adulthood obesity by metropolitan and micropolitan statistical area (MMSAs) levels in the United States. Thus, the objective of this study was to examine the socio-demographic disparities in adulthood obesity and examine how this relationship is affected by geographic areas (130 MMSAs). The following associated hypotheses were examined in this study:
(1) Socio-demographic disparities in adulthood obesity persist among US adults [35] . This study did not require approval from the institutional review board because the BRFSS data was secondary data that did not include personal information. were excluded from SMART and BRFSS. In order for an MMSA to be included in SMART BRFSS there must be at least 500 respondents within the MMSA and the weighting criteria must be applicable. In order for a county to be included, the county must be within a selected MMSA and the weighting criteria must be applicable at the county level. The State's BRFSS Coordinator handles these cases [35] . 
Materials and Methods

Control variables
Physical activity was categorized into yes and no. Fruit consumption was categorized into ≤ 1 time per month and ≥ 1 time per week.
Statistical Analysis
Descriptive statistics with using chi-square (Table 1) and To examine the socio-demographic and regional disparities 
Results
Discussion
This study is one of the first studies in the United States to examine socio-demographic and regional disparities in adulthood obesity by MMSAs. Multilevel analysis was used to examine the socio-demographic disparities in obesity and examine how this relationship is affected by the geographic areas (130, MMSAs).
The association between socio-demographic factors and obesity status
This study observed that men, ≥ 45 years, with a low level of education (< college diploma), who are Non-White or Hispanic, with a low income (< $50,000) were more likely to have higher BMI than other socio-demographic groups. This finding was consistent with the hypothesis that socio-demographic disparities in obesity status persist among US adults. The findings are similar to those reported in previous studies [8] [9] [10] [11] [12] [13] 15] . In addition, participants from the Midwest MMSAs areas were more likely to have a higher BMI than those from the South MMSAs areas. This finding was inconsistent with the hypothesis that participants from the South MMSAs areas have higher BMI compared to those from other MMSAs areas.
This finding is different from those reported in previous studies [21, 22] . Public health authorities need to increase their efforts to reduce obesity rate targeting residents in the Midwest, although it is possible that the difference between county level analysis and MMSAs level analysis caused different results.
How socio-demographic factors and obesity status are affected by the geographic areas.
This study observed firstly that there were statistically significant differences in obesity status between different areas [38, 39] . In terms of obesity, socio-environmental factors are potential influential factors for the prevalence of obesity in the United
States [29] [30] [31] [32] [33] [34] . Hence, individual characteristics are not likely to be the major cause of the obesity epidemic in the US, whereas socio-environmental factors play a leading role. Furthermore, individuals from low socioeconomic status communities in the United States were associated with high obesity rates caused by inactive lifestyles, easy access to energy-dense food, and limited access to healthy food [40] [41] [42] [43] . This is supported by observations presented in With these health complications, obese people are facing a huge economic burden related to higher medical costs [49] [50] [51] . Due to the social and health implications of obesity, it is necessary to develop tailored and effective obesity prevention programs for US adults that consider socio-environmental factors.
The observations of this study should be considered in light of several limitations. Firstly, the temporal causal relationship between 5 socio-demographic variables and the obesity status cannot be determined because the study design was crosssectional. Therefore, follow-up studies that are a prospective longitudinal design are needed to verify the findings of this study. Secondly, this study was based on self-reported sociodemographic and obesity status. It is possible that participants could not answer their socio-demographic and obesity status precisely, which might lead to inaccurate estimations of sociodemographic and obesity status. Thirdly, this study could not address the specific causes of regional disparities in obesity in the United States. Hence, follow-up studies are needed.
Conclusion
Despite the limitations of this study, identifying the sociodemographic and regional disparities in adulthood obesity using large sample size data, provided meaningful results. This study's finding also provides socio-environmental implications to prevent and reduce obesity US adults. Methodologically, this study was significant in the sense that it was one of the first attempts to apply MMSAs level data to analyze sociodemographic and regional disparities in adulthood obesity in the United States. The MMSAs level data-method employed in this study yielded a more specific estimate of the obesity status in adults in the US metropolitan and micropolitan areas.
In conclusion, socio-demographic and regional disparities in obesity status persist among US adults. Hence, these findings underscore the need to take socio-environmental factors into account when planning obesity prevention interventions in vulnerable populations and areas. For example, policies that improve social aspects of the environment such as promoting active lifestyles and securing access to healthy food may reduce socio-demographic and regional disparities in obesity.
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